sylation site in klingle 1. Lanoteplase/SUN9216 has no finger domain or growth-factor domain in its structure at the N-terminal. Its status as mutant tPA allows for a bolus injection administration route, because its half-life in plasma is longer than that of natural recombinant tPA (alteplase). [20] [21] [22] Its biological half-life in plasma is approximately 15 min in healthy young Japanese adults. Because thrombolytic therapy with mutant tPA gave much higher levels of immunoreactive tPA compared with thrombolytic therapy using recombinant tPA, the use of this mutant tPA could promote earlier recanalization of infarct-related coronary arteries. [20] [21] [22] Our present study was designed to identify the differences in clinical outcomes and the change of fibrinolytic capacity in AMI patients who underwent intravenous thrombolytic therapy with mutant tPA or recombinant tPA.
Methods

Patients
All patients were diagnosed as having AMI on the basis of typical chest pain lasting longer than 30 min with STsegment elevation of more than 0.2 mV in 2 continuous leads on a standard 12-lead electrocardiogram (ECG). Patients with severe liver disease, septicemia, disseminated intravascular coagulation, cardiogenic shock, and contraindications for thrombolytic therapy according to the guidelines of the American College of Cardiology/American Heart Association (ACC/AHA) Committee were excluded from this study. The patients whose infarct-related coronary arteries spontaneously recanalized during the coronary angiography before the administration of tPA were also excluded. Immediately after the patients were diagnosed as having AMI, they underwent emergency coronary angiography for thrombolytic therapy with either mutant tPA or recombinant tPA. Patients whose infarct-related coronary arteries failed to recanalize to thrombolysis-inmyocardial-infarction (TIMI) 23 grade 2 or 3 within 60 min after the initiation of the tPA administration were also excluded from the study. Twenty-one patients with first Qwave AMI who underwent thrombolytic therapy with mutant tPA (8 consecutive patients) or recombinant tPA (13 consecutive patients) within 6 h after the onset of symptoms were eligible for this study. Written informed consent was obtained from each patient and from their family. The protocol of this study was in agreement with the guidelines of the Ethics Committee at our institutions.
Coronary Angiography
All patients underwent emergency coronary angiography using Judkin's technique. The infarct-related coronary artery was defined as a major coronary artery perfusing the area compatible with the distribution of ST-segment elevation on a 12-lead ECG. All patients underwent a repeat coronary angiography about 3 weeks after admission.
Thrombolytic Therapy
In the catheterization laboratory used for the emergency coronary angiography, 500-1000 g of isosorbide dinitrate (ISDN) was injected into the infarct-related coronary artery. If the infarct-related coronary artery remained occluded (TIMI grade 0), an intravenous infusion of tPA was carried out using the following protocols. In the recombinant tPA group, 41.4±0.03 mg of alteplase (GRTPA, Tanabe Seiyaku Co, Osaka, Japan) was administered over a 60-min period (10% administered as a bolus). 24 In the mutant tPA group, 11.1±1.9 mg of lanoteplase/SUN9216 (SUNTORY Ltd, Tokyo, Japan) was administered intravenously as a bolus within a 4-min period.
Patency of the Infarct-Related Coronary Artery
Coronary angiography was performed immediately before and after the ISDN injection, and at 15-min intervals from the initiation of tPA administration. Patency of the infarct-related coronary artery was assessed according to the TIMI perfusion criteria, 23 in which coronary occlusion was defined as grade 0 or 1 and coronary patency as grade 2 or 3. The patency of the infarct-related coronary arteries was assessed by 2 independent observers who were unaware of the tPA grouping. The recanalization time was defined as the period from the initiation of the tPA administration until the development of recanalized coronary flow to better than TIMI grade 2.
Blood Sampling
Venous blood samples for measuring PAI activity and immunoreactive tPA were obtained immediately before the administration of heparin and other drugs from an antecubital vein without stasis. Venous blood (4.5 ml) was collected into an evacuated tube that contained 0.5 ml of citrate sodium (0.13 mol/L, pH 7.5). All blood samples were immediately centrifuged at 3000 rpm for 10 min at 4°C, and aliquots of samples were stored at -80°C prior to analysis. Venous blood samples were also obtained 1 h after the initiation of the thrombolytic therapy, at 4-h intervals over the first 24 h, and every morning for the first week.
Determination of PAI Activity
PAI activity levels were measured with a chromogenic single point poly D-lysine stimulated assay kit (Biopool Inc, Umea, Sweden), expressed as international units per milliliter (IU/ml). The normal value for PAI activity in normal subjects in our laboratory was 5.4±0.5 IU/ml.
Determination of Immunoreactive tPA
Immunoreactive tPA levels were measured with the commercial enzyme-linked immunosorbent assay kit (Diagnostica Stago Inc, Fracoville, France), expressed as nanogram per milliliter (ng/ml). The normal value for the immunoreactive tPA levels in normal subjects in our laboratory was 5.8±0.3 ng/ml.
Statistics
The clinical characteristics of the mutant tPA group and the recombinant tPA group were compared using the unpaired t-test for continuous data and the Chi-square test for group data. The significance of changes of plasma PAI activity and immunoreactive tPA were evaluated by oneway analysis of variance for repeated measures. The unpaired Student's t-test was used to compare the base levels of plasma PAI activity and immunoreactive tPA and the values of the 2 groups over time. Data are expressed as mean ± SEM.
Results
Patients Characteristics
There was no significant difference in patient characteristics between the mutant tPA group and recombinant tPA group, as shown in Table 1 . There was no significant difference in sex, age, serum total cholesterol, triglyceride or heart rate on admission, systolic blood pressure on admission or incidence of diabetes. In the recombinant tPA group, 13 patients were underwent thrombolytic therapy of the left anterior descending artery (LAD) (n=7), the right coronary artery (RCA) (n=4), or the left circumflex artery (LCX) (n=2). Twelve patients were in Killip class I and 1 patient was in Killip class II. Ten patients belonged to Forrester subset I and 3 patients belonged to Forrester subsets II-IV. In the mutant tPA group, 8 patients underwent thrombolytic therapy of either the LAD (n=5), the RCA (n=1) or the LCX (n=2). All patients were in Killip class I. Seven patients belonged to Forrester subset I and only 1 patient belonged to Forrester subsets II-IV.
Clinical Outcomes
As shown in Table 2 , in the mutant tPA group, the recanalization times were significantly faster than those of the recombinant tPA group (p<0.01). The peak levels of creatine kinase (CK) in the mutant tPA group were significantly higher than those in the recombinant tPA group (p<0.05). There was no significant difference in the patency of the infarct-related coronary arteries at discharge between the 2 groups. No major complications such as intracranial or gastrointestinal bleeding occurred in either group.
Serial Changes of Plasma PAI Activity and
Immunoreactive tPA Fig 1 shows the serial changes in plasma PAI activity and immunoreactive tPA levels in the AMI patients who underwent thrombolytic therapy with recombinant tPA (alteplase). Their plasma PAI activity on admission was higher than that of normal subjects (11.11±3.53 IU/ml), then became undetectable during the infusion of recombinant tPA, and increased markedly 4 h after the initiation of intravenous thrombolytic therapy and formed an early peak (26.74±3.35 IU/ml). The level of PAI activity then decreased and again increased to a late peak level (23.93±2.96 IU/ml) by 16 h after the initiation of thrombolysis. The PAI activity remained high over the initial 24-h period (20.00±2.62 IU/ml at 24 h) and decreased by the second day. These patients' plasma levels of immunoreactive tPA on admission were higher than that of normal subjects (8.91±1.80 ng/ml), then increased markedly immediately after the termination of the infusion of recombinant tPA (1312.57± 238.90 ng/ml), and decreased rapidly from 4 h after the initiation of thrombolysis (31.85±3.70 ng/ml). Fig 2 shows the serial changes of plasma PAI activity and immunoreactive tPA levels in the patients with AMI who underwent thrombolytic therapy with mutant tPA (lanoteplase/SUN9216). Their plasma PAI activity on admission was higher than that of normal subjects (8.00± 1.40 IU/ml), then became undetectable at 1 h after the initiation of the injection of mutant tPA. The activity increased gradually over the 24-h period following the initiation of thrombolysis and formed a one mild peak (16.36±3.30 IU/ml) at 24 h. The level of PAI activity then decreased to the same level as that at admission by 48 h after the initia- tion of thrombolysis (8.26±3.20 IU/ml). The level of PAI activity tended to form a one mild peak, but it was not significant compared with the value of the PAI activity on admission. The plasma levels of immunoreactive tPA on admission were higher than that of normal subjects (7.23±1.64 ng/ml), then increased markedly at 1 h after the initiation of the injection of mutant tPA (900.76±58.72 ng/ml). The levels then decreased gradually during the 24-h period following the initiation of thrombolysis. Fig 3 shows the comparison of the serial changes in PAI activity between the groups of patients with intravenous thrombolytic therapy with recombinant tPA and mutant tPA. In the mutant tPA group, the plasma level of PAI activity at 4 h after the initiation of thrombolysis was significantly lower compared with that of the recombinant tPA group (p=0.008); their PAI activity at 8 and 16 h after the initiation of thrombolysis was also lower than that of the recombinant tPA group, but the difference was not significant.
The levels of immunoreactive tPA were significantly higher over the initial 24-h period in the mutant tPA group compared with the recombinant tPA group (61.55±5.73 ng/ml vs 27.81±3.60 ng/ml at 24 h, p<0.001) (data not shown in Fig 3) .
Discussion
Large controlled clinical trials have shown that early thrombolytic therapy reduces the mortality rate of patients with AMI. [1] [2] [3] [4] [5] [6] [7] However, there are still some problems with thrombolytic therapies for AMI. 8, 9 One of the most important problems is the reocclusion of recanalized infarct- Serial changes in plasma plasminogen activator inhibitor (PAI) activity (solid circles) and immunoreactive tissue plasminogen activator (tPA) levels (open circles) in 13 acute myocardial infarction patients who underwent thrombolytic therapy with recombinant tPA (alteplase). The plasma levels of PAI activity increased markedly 4 h after the initiation of intravenous thrombolysis and formed an early peak. The plasma levels of immunoreactive tPA increased markedly immediately after the termination of the infusion of recombinant tPA, and decreased rapidly after 4 h from the initiation of thrombolysis. The plasma levels of PAI activity increased gradually 24 h after the initiation of intravenous thrombolysis (IVT) and formed a one mild peak. The level of PAI activity decreased to the level at the admission by 48 h after the initiation of IVT. The plasma levels of immunoreactive tPA increased markedly after 1 h from the initiation of the injection of mutant tPA, and decreased gradually during the 24-h period after the initiation of IVT. related coronary arteries. 7, [10] [11] [12] [13] In the study reported here, the recanalization times were significantly faster in the mutant tPA group than in the recombinant tPA group, which is thought to be the result of much higher levels of immunoreactive tPA in the mutant tPA group than in the recombinant tPA group. No bleeding complication occurred in either tPA group. Thrombolytic therapy with mutant tPA seems to be as safe as that with recombinant tPA. However, the safety of this newly developed thrombolytic agent should be carefully investigated, because we examined only a small number of patients in our study. The peak levels of CK in the mutant tPA group were significantly higher than those in the recombinant tPA group. The timecourses of the serum levels of CK in the mutant tPA group were more rapid than those in the recombinant tPA group (11.5±5.1 h vs 18.9±3.9 h, p<0.05). It seems that the enhancement by changes of the wash-out kinetics of the CK from myocardium is due to the much faster recanalization of the infarct-related coronary arteries in the mutant tPA group than in the recombinant tPA group. 25 Nagao et al recently reported that thrombolytic therapy with a bolus injection of mutant tPA achieved rapid recanalization but led to a high rate of reocclusion of infarct-related coronary arteries. 26 In our study, there was no difference in the patency rate at follow-up coronary angiography between the 2 groups. We cannot make any conclusion about the low rate of reocclusion of infarct-related coronary arteries because only a small number of patients were examined in our study.
The plasma fibrinolytic capacity is known to be impaired in patients with acute coronary syndrome. [14] [15] [16] [17] The net fibrinolytic capacity is determined mainly by the balance of PAI and tPA, and the plasma level of PAI activity is one of the major determinants of the fibrinolytic capacity. PAI plays a more important role than tPA in the regulation of the plasma fibrinolytic capacity in most patients with AMI. We found that the PAI activity levels peaked twice after successful thrombolysis with recombinant tPA. 19 The first peak, at 4 h after the initiation of thrombolysis, is thought to be derived from activated platelets and the second peak, at 16 h, is known to be an acute-phase reactant. 19 , 27 The elevated PAI activity may play an unfavorable role in the development of reocclusions after successful thrombolysis. 19 The present findings show that the plasma PAI activity was increased on admission and remained high throughout a 24-h period in the AMI patients who underwent thrombolytic therapy with either recombinant tPA or mutant tPA. There was no significant difference in PAI activity between the recombinant tPA group and the mutant tPA group before thrombolytic therapy. The plasma levels of PAI activity at 4 h after the initiation of thrombolysis were significantly lower in the mutant tPA group than those in the recombinant tPA group (p=0.008). We suggest that this phenomenon reduced the severity of the impairment of plasma fibrinolytic capacity after thrombolysis in the patients treated with mutant tPA compared with those treated with recombinant tPA. We previously observed that there is a significant correlation between the plasma levels of PAI activity and the patency of the infarct-related coronary artery. 16 Our present results suggest that the impairment of fibrinolytic capacity following thrombolytic therapy was less severe in the mutant tPA group than in the recombinant tPA group. Therefore, we conclude that lower PAI activity may improve the impairment of the fibrinolytic capacity in the early phase after successful thrombolysis.
Conclusion
Thrombolytic therapy with the new mutant tPA (Lanoteplase/SUN9216) produces much faster recanalization of infarct-related coronary arteries and results in lower PAI activity following successful thrombolysis compared with recombinant tPA. and the mutant tPA (closed squares). There was no significant difference in PAI activity between the recombinant tPA group and the mutant tPA group before thrombolytic therapy. The plasma levels of PAI activity at 4 h after the initiation of intravenous thrombolysis were significantly lower in the mutant tPA group than in the recombinant tPA group (p=0.008).
